field conditions and are found as mixed populations with differential proportions depending on environmental conditions (28, 34) . E. carotovora subsp. atroseptica is considered the typical blackleg causal agent in Europe, particularly at the beginning of the growing season. Conversely, in pathogenicity tests on potato plants, most E. carotovora subsp. carotovora strains do not produce a typical blackleg symptom at low temperatures (29) . However, E. carotovora subsp. carotovora is associated with blackleg of potato in Arizona and Colorado (35) . Therefore, it could be interesting to develop identification tests useful in diagnosis.
Classical techniques of bacterial isolation and characterization are time-consuming and relatively insensitive because of the high level of saprophytes in the samples (21) . Development of selective media like CVP (crystal violet pectate) minimizes the problem of sensitivity (3) . Immunological techniques have been developed, and their efficiency is increased by culture on selective medium (16) , but the serological tests are complicated because of the high number of serogroups within E. carotovora (6) . New molecular tools like hybridization probes have been demonstrated to be very efficient in plant disease diagnosis (26) , and some probes have been developed for pectolytic erwinias (40) . However, the use of such probes for routine tests is limited by the relatively low signal of the nonradioactive labelling. Enrichment of the sample in growth medium improves sensitivity, but remains time-consuming (40) . PCR enhances the sensitivity of detection by the in vitro amplification of defined DNA target sequences (32, 36) .
Pectate lyases are involved in soft-rot diseases. Several pel genes (encoding pectate lyases) were sequenced, and three families were identified, on the basis of high sequence homology (14) . The first family (BC family) contains pel genes that are common to Erwinia chrysanthemi and E. carotovora, the second family consists of genes present only in E. chrysanthemi (ADE family), and the third group corresponds to genes found in some strains of E. carotovora and in the bacterium Yersinia pseudotuberculosis (Yfamily) (14, 23, 38) . In this study, we used pel genes from the Y family, to identify E. carotovora species and subspecies. Phenetic and phylogenic relationships between the strains were established from the restriction fragment length polymorphism (RFLP) results. A patent concerning this work has been filed (4a).
MATERIALS AND METHODS
Bacterial strains. Pectinolytic E. carotovora strains are described in Table 1 . Other Erwinia species including Erwinia amylovora (1 strain), Erwinia herbicola (2 strains), Erwinia rhapontici (1 strain), and pectolytic E. chrysanthemi (32 strains) were also tested. Furthermore, our collection contains pectolytic bacteria associated with soft rot symptoms (number of (29) . k Atypical E. carotovora subsp. atroseptica strain able to grow at 37°C, exhibiting pathogenicity traits identical to those of E. carotovora subsp. carotovora strains (29) and identical in our study to those of six other atypical strains isolated from water in Spain (data not shown). 1 (25) . Two milliliters of culture was microcentrifuged, and the DNA was extracted by the method of Klotz and Zimm (17) , modified by reducing the volumes by a factor of 10. Integrity of DNA was tested by spectrophotometry and endonuclease restriction (EcoRI) followed by electrophoresis in a 0.8% agarose gel (22 Another condition was that the distance between the primers was short enough for easy amplification but not so short as to restrict polymorphism analysis in the target region (around 400 to 500 bp). Two oligonucleotides (24-mers) separated by 434 bp were selected as PCR primers, namely, Y1 (5'TFACCGGACGCCGAGCT GTGGCGT3') and Y2 (5'CAGGAAGATGTCGTTATCGC GAGT3'). The sequence of each primer was checked in the complete GenBank and EMBL data bases for identity, allowing up to five mismatches. No homologous sequence was found in these data bases except for the pel sequences used in this study.
The primers were used in amplification experiments with six bacterial strains (Fig. 1) 30 strains and was not used further. AluI, HaeII, Sau3AI, and HpaII gave, for the whole collection, three to five different profiles (Fig. 2) . Combined results of these four restriction enzymes gave 21 RFLP groups (Table 1) .
With the whole set of data, E. carotovora subsp. atroseptica strains were divided into two subgroups (groups 1 and 2). E. carotovora subsp. wasabiae strains tested were in one RFLP group (group 21). E. carotovora subsp. carotovora strains were not clearly distinguished from E. carotovora subsp. odorifera: some RFLP groups (groups 3 and 7) were specific for E. carotovora subsp. odonifera strains, but several isolates of E. carotovora subsp. carotovora and E. carotovora subsp. odorifera shared the same RFLP group (groups 4, 5, and 6). E. carotovora subsp. carotovora strains were distributed in 16 different RFLP groups.
Cladistic and phenetic analyses. We compared maximum likelihood ("restml"), Wagner parsimony ("mix"), and genetic distances on the whole set of data. The reliability of the cladistic trees was assessed as described by Debener et al. (5) . As a whole, the main partitioning of our strains was conserved and appeared relatively reliable as obtained by these three methods.
The classification obtained by genetic distances (unweighted average pair-group method of clustering) is illustrated in Fig.  3 . Three main domains, A, B, and C, were evidenced. The A domain comprised all the E. carotovora subsp. atroseptica strains and was divided into two subgroups in which all the strains appeared strictly identical. The B cluster contained all the E. carotovora subsp. odorifera strains and numerous E. (Fig. 3, RFLP groups 3, 4, 16, 5, and 7 ). The C cluster grouped the atypical E. carotovora subsp. atroseptica strains (growing at 37°C) and most of the indole-producing E. carotovora subsp. carotovora strains. RFLP groups 21 (E. carotovora subsp. wasabiae strains) and 19 (two atypicalE. carotovora subsp. carotovora strains from Cuba) constituted two distant Numbers indicate RFLP groups (see Table 1 ), and A, B, and C represent the three main domains of the tree.
and separated clusters. This phenetic analysis grouped the atroseptica and wasabiae subspecies into two distant clusters.
With the other (cladistic) analysis methods, RFLP groups 21 and 19 were placed in A and B domains, respectively, and appeared very distant from each other. The two cladistic methods ("restml" and "mix" programs) clustered groups 1, 2 (E. carotovora subsp. atroseptica), and 21 (E. carotovora subsp. wasabiae) into the same stem of the trees (data not shown).
Because the location of the RFLP groups 5, 6, 7 , and 16 was variable with cladistic analyses, grouping of E. carotovora subsp. odorifera strains appeared less reliable (data not shown).
However, on the basis of the Sau3AI digestion patterns these three domains were conserved with a cladistic analysis method ("restml" program, data not shown), and diversification among the main groups was revealed by addition of the other restriction enzyme data.
DISCUSSION
Our purpose, at the beginning of this study, was to develop one identification tool for typical blackleg agent in Europe (E. carotovora subsp. atroseptica isolated from potato) and another tool with a broader specificity to detect all E. carotovora strains. PCR and RFLP applied topel genes provided an answer to this problem, and these results could be further developed for diagnosis purposes.
In this study, all the E. carotovora strains tested (89 strains) were detected except E. carotovora subsp. betavasculorum (4 strains). This lack of detection might be correlated with the host range of these bacteria: indeed, sugar beet pectins are highly acetylated (24 to 50%) compared with most of the plants (31) . We hypothesize that the enzyme in E. carotovora subsp. betavasculorum and, consequently, the sequence of its gene are different.
Our PCR test was developed with sequences limited to the open reading frames of a pel gene which is shown by this work to be present in E. carotovora subsp. atroseptica, E. carotovora subsp. carotovora, E. carotovora subsp. odorifera, and E. carotovora subsp. wasabiae. pel genes are thought to play a role in pathogenicity (18, 30) . Although it has been shown that the inactivation of thepe1153 gene does not reduce the maceration ability of the bacterium on potato tuber (38) , the ubiquity of the pelY gene found inE. carotovora might reveal the involvement of this gene in other steps, e.g., a systemic phasis, of phytopathogenicity.
Identification methods for pathogenic bacteria using genes involved in pathogenicity have been developed already (9) . However, because they are not neutrally selected, it is possible that the use of genes involved in pathogenicity might introduce a bias in phenetic and phylogenic studies. Our studies of the pelY family were performed essentially for comparisons with those previously established with data sets more representative of the whole genome (12, 29) . For this reason, most of the strains we used were identical to those studied by Priou (29) .
RFLP analysis showed thatE. carotovora subsp. atroseptica strains constitute a homogeneous group, whatever the original country and the year of isolation; this could reflect a stable, host-specialized population. This conclusion is in accordance with other studies (4, 12, 29) . However, subgrouping was observed as shown with phenotypic and genotypic data (29, 33) ; the significance of this subgrouping is unknown. The Sau3AI digestion profile (profile IV, Fig. 2 (1, 29) . This suggests that these strains (both in RFLP group 2) were potato pathogens that can occur on tomato, which has a genome very similar to that of potato (2) .
The exact relationship between E. carotovora subsp. atroseptica and subsp. wasabiae remains to be solved. These two kinds of bacteria, pathogenic in cold climates (13, 28) , were found to be clearly distant by phenetic analysis (Fig. 3) but to be closely related by cladistic analyses (data not shown).
Even though E. carotovora subsp. odorifera strains were previously determined to be atypical E. carotovora subsp. atroseptica, no clear distinction has been observed with our whole data set between E. carotovora subsp. odorifera and E. carotovora subsp. carotovora strains. Other authors were able to differentiate these two subspecies either as closely (12, 29) or as more distantly (7, 39) related groups.
A great genetic diversity was observed among strains of E. carotovora subsp. carotovora. Two main clusters appeared, the first one grouping the indole-producing strains with the strains previously identified as atypical E. carotovora subsp. atroseptica (exhibiting pathogenicity traits of E. carotovora subsp. carotovora [29] ) and the second one closely related to E. carotovora subsp. odortifera strains. This diversity may result from a nonmonophyletic origin and agrees with the broad host range and geographical distribution of this subspecies.
Two strains (88.29al and CIP009) were not clearly defined by other studies, because they showed a mixture of E. carotovora subsp. atroseptica and E. carotovora subsp. carotovora phenotypic and genotypic characteristics and exhibited pathogenicity traits of E. carotovora subsp. atroseptica (29) . In our study, these strains appeared in E. carotovora subsp. carotovora and E. carotovora subsp. odonifera RFLP groups (Table 1) .
In conclusion, our PCR-RFLP test, linked to pathogenicity studies, could be used to monitor the diversity of the E. carotovora populations, provided that this test is applied to a larger number of strains.
